Enhanced production of melatonin by ectopic overexpression of human serotonin N-acetyltransferase plays a role in cold resistance in transgenic rice seedlings.
Serotonin N-acetyltransferase (SNA), a rate-limiting enzyme in melatonin biosynthesis in vertebrates, is responsible for the production of N-acetylserotonin; this molecule is then converted to melatonin by hydroxyindole-O-methyltransferase. We generated transgenic rice plants via expression of the human SNA gene under the constitutive ubiquitin promoter using Agrobacterium-mediated gene transformation. We investigated the role of SNA in the biosynthesis of melatonin and the physiological role of melatonin in rice plants. The integration and expression of the transgene were confirmed in T(1) transgenic rice seedlings by Southern, Northern, and RT-PCR analyses. High SNA-specific enzyme activities were observed in the transgenic rice plants, whereas the wild type revealed a trace level of SNA enzyme activity. The functional expression of SNA protein was closely associated with the elevated synthesis of N-acetylserotonin and melatonin in the transgenic rice plants. Experiments using both exogenous treatment of serotonin and senescent detached leaves, which contain a pool of serotonin, significantly enhanced melatonin biosynthesis, indicating that endogenous serotonin levels play a bottleneck role in the pathway of melatonin biosynthesis. Finally, the transgenic rice seedlings with high levels of melatonin showed elevated chlorophyll synthesis during cold stress, suggesting a role for melatonin in cold-stress resistance.